A wide variety of pulmonary and pleural histological changes is recognized in the setting of spontaneous pneumothorax. In this study, we describe a previously unreported lesion that was encountered in four males, 24-41 years of age. In addition to reactive eosinophilic pleuritis, subpleural emphysematous blebs, prominent eosinophilic exudate and lung atelectasis, the histology comprised exuberant type 2 pneumocyte hyperplasia, which was atypical enough to consider a diagnosis of adenocarcinoma in all four cases. Lung atelectasis and localized acute lung injury are factors likely responsible for this unusual histology, and along with the clinical history are important in recognizing the benign nature of this lesion. Awareness of this severe pneumocyte reaction in the setting of pneumothorax can help to prevent misdiagnosis as malignancy.
The histological changes following spontaneous pneumothorax include a wide spectrum of nonspecific findings, including emphysema with cyst formation, fibrosis, chronic inflammation, pigment deposition, bronchiolar, alveolar and mesothelial cell proliferation, vascular changes and reactive eosinophilic pleuritis. [1] [2] [3] Unusual lesions, such as vasculopathy with or without eosinophils, are also described. 4, 5 If taken out of context, these lesions can be diagnostically difficult and misleading. Here, we report another unusual manifestation of spontaneous pneumothorax characterized by prominent type 2 pneumocyte hyperplasia. To the best of our knowledge such prominent pneumocyte hyperplasia, in the setting of spontaneous pneumothorax, is not previously documented in the literature.
Materials and methods
The case material for this study came from the files of the Armed Forces Institute of Pathology and consultation files of one of the co-authors (TVC). The cases were accrued over the period from February 2003 to July 2004. Two to 11 H&E-stained slides (mean, 5) were available for review. Immunohistochemical studies with TTF-1 (8G7G3/1, predilute solution) and CD68 (KP-1, 1:3000) were performed utilizing commercially available antibodies from Dako, Carpinteria, CA, USA. Clinical and follow-up information was obtained from the charts and from the contributing pathologists.
Results
Four male patients, mean age 31 (range, 24-41 years) comprised the study group, Table 1 . They presented with symptoms typical of pneumothorax, including shortness of breath and pleuritic chest pain. Two of three patients were smokers. One patient had a history of hypercholesterolemia and hypertension. Two of four patients had recurrent pneumothorax prior to the tissue biopsy. No mass lesions were reported during the surgical procedure or on gross examination of the specimen. Based on the histology (see below), the possibility of malignancy was considered in all four cases. One patient was lost to follow-up, the other three were alive and well without any sign of a lung neoplasm at 30, 42, and 43 months of follow-up.
Histological Findings
At scanning light microscopic examination, the cases showed increased cellularity ( Figure 1A ) that was in part due to atelectasis. In these areas, there was an exuberant type 2 pneumocyte hyperplasia with increased mitotic activity simulating the solid growth pattern of adenocarcinoma ( Figure 1B) . Cytologically, type 2 pneumocytes comprised cuboidal to columnar cells with prominent nuclei and vesicular chromatin. Occasional atypical mitoses were present. In better inflated regions, type 2 pneumocytes proliferated along the alveolar walls mimicking the lepidic growth of bronchioloalveolar carcinoma ( Figure 1C, D) . There was no nuclear overlapping, nuclear hyperchromasia or prominent nuclear membrane irregularities. These findings were observed in the background of reactive changes associated with eosinophilic pleuritis including fibrous pleural thickening with eosinophils, exuberant fibrinous exudate, pulmonary edema and prominent tissue eosinophilia ( Figure 1E and F); in fact, some fields (two of four cases) resembled eosinophilic pneumonia. Other changes included fibrous pleural adhesions (two of four cases), subpleural emphysematous blebs, emphysema, respiratory bronchiolitis (four of four cases), smooth muscle metaplasia and focal medial and intimal thickening of pulmonary arteries (one of four cases). Type 2 pneumocyte hyperplasia, in all cases, was accompanied by a variable amount of intraalveolar organizing fibrin, Masson bodies and interstitial fibromyxoid change ( Figure 1G ). Type 2 pneumocytes were highlighted on immunohistochemical studies with TTF-1 ( Figure 1H ), while a majority of the intraalveolar cells were immunoreactive with CD68, confirming the presence of alveolar macrophages.
Discussion
Spontaneous pneumothorax is known to elicit a range of reactive epithelial changes including mesothelial hyperplasia, columnar (Dunnill lesion) or mucus cell metaplasia of the pleura and type 2 pneumocyte hyperplasia in the underlying lung. 1, 6, 7 Chronic pneumothorax can lead to squamous metaplasia of the pleural surface. 8 Emphysema with cyst formation (so-called 'blebs'), atelectasis, fibrosis, chronic inflammation, fluid accumulation, eosinophilic infiltrates and vasculopathy are other tissue reactions (some probably preexisting) documented in the setting of pneumothorax. [1] [2] [3] [4] [5] [9] [10] [11] [12] [13] The four cases presented herein exemplify a previously unrecognized manifestation of spontaneous pneumothorax showing exuberant type 2 pneumocyte hyperplasia. Focally, this proliferation was prominent enough to include adenocarcinoma in the differential diagnosis. However, several clinical findings point to the benign nature of this lesion: the relatively young age of the patients, the history of pneumothorax, and the absence of mass lesions radiologically, during the surgical procedure and on gross examination. Furthermore, the observed epithelial changes were associated with localized acute lung injury (ALI), and cytological atypia is well recognized in that setting. While rarely eosinophilic infiltrates can occur in primary lung carcinomas, the finding of an eosinophilic pneumonia type reaction, as seen in our cases, would also be unusual in a carcinoma. In addition, several cytomorphological features, including the preservation of nuclear cytoplasmic ratio with open nuclear chromatin, the absence of nuclear stratification, nuclear hyperchromasia and nuclear membrane irregularities, support the benign nature of Pneumocyte atypia in pneumothorax K Shilo et al this process. It is not certain which factors are responsible for this unique histology. While atelectasis is a common feature in pneumothorax, the localized ALI with exuberant pneumocyte hyperplasia is unique to this set of cases, and perhaps, is the factor making these cases histologically distinct. Type 2 pneumocyte hyperplasia is a universal reaction in injured lung. 3, 14 It is most striking in diffuse alveolar damage (DAD), but is also seen in organizing pneumonia, non-specific interstitial pneumonia, and in a variety of other settings, including acute bronchopneumonia, in the lung surrounding granulomas, lesions of pulmonary Langerhans' cell histiocytosis, tumors and abscesses. Pneumocyte hyperplasia is commonly observed in the lung adjacent to pleuritis but on a practical basis is considered a minor finding that is rarely reported. In their original paper on the subject of spontaneous pneumothorax, Lichter and Gwynne documented pneumocyte hyperplasia in 11 of 20 (55%) cases. 1 However, according to the illustrations and microscopic description, this phenomenon was of a much lesser degree than that observed in our cases and was considered to be related to nearby scarring and chronic inflammation. The extent of type 2 pneumocyte proliferation in our cases exceeds that typically seen in pneumothorax, and it is not certain which host or exogenous factors are responsible for this phenomenon and we are not certain whether it is a consequence of or a contributing cause of pneumothorax.
Recognition of the reactive nature of type 2 pneumocyte hyperplasia in DAD in histologic material is not difficult. Preservation of the nuclear cytoplasmic ratio in combination with the exudative or fibromyxoid milieu of DAD helps to arrive at the correct diagnosis. 3 However, the separation of hyperplastic type 2 pneumocytes from adenocarcinoma is more problematic in cytological preparations, where architectural evaluation is not possible, and clinical findings are considered to be more helpful in ruling out a diagnosis of malignancy. 15, 16 Similar to cytological preparations, the atelectasis that is a common consequence of pneumothorax, precludes adequate evaluation of lung architecture and therefore can hamper the evaluation of epithelial changes.
As the underlying lung injury in our cases is an incidental localized microscopic finding, its exact classification is somewhat problematic. However, in our view, it may be akin to what was previously reported as regional DAD by Yazdy et al. 17 While no reason for localization of DAD within the lung was clearly identified in that study, it was speculated that the regional DAD could result from irregular blood flow related to vascular occlusion, irregularly distributed microvascular injury, or from a combination of factors. 17 The epithelial changes in ALI that mimic epithelial malignancy are not restricted to type 2 pneumocytes. Exuberant squamous metaplasia resembling the histology of squamous cell carcinoma in the setting of DAD has been documented previously by Ogino et al. 18 From our experience and reports in the literature, [19] [20] [21] [22] [23] other common reactive processes in the lung that can mimic carcinoma include peribronchiolar metaplasia, type 2 pneumocyte hyperplasia or squamous metaplasia around bronchioles in the setting of post-radiation therapy or chemotherapy, exuberant peribronchiolar metaplasia (Lambertosis) associated with bronchiolitis of any cause, and squamous metaplasia in tracheobronchial ulceration, within cavitary abscesses, around infarcts and around fibrous scars.
In summary, prominent type 2 pneumocyte hyperplasia can occur in the settings of spontaneous pneumothorax and, similarly to other reactive processes such as squamous metaplasia, can mimic epithelial malignancy in the lung. Attention to clinical presentation and background histological changes in the pleura and lung parenchyma is critical to the recognition of the benign nature of this lesion. 
